The mRNA coding for the K-type constant region (C,,) was purified from two clones derived from the MPC-1I mouse myeloma. This mRNA directs the cell-free synthesis of a C, precursor (molecular weight, about 15,000) in which an extra piece, 17 residues long, precedes the NH1ter-minal residue (Ma'19) of the C. region. Te partial sequence of the extra piece is: Met-X-Thr-Asp-Thr-Leu-Leu-Leu-Trp ValLeu-Leu-Leu-Trp-Val-Pro-X-(X is unknown). Met1 was shown to be the initiator methionine. The sequence of the C, extra piece is completely different from any known sequence preceding residue Ma'° § in whole light (L) (i) translocation of this V gene to the C gene, deletion of the entire mature V gene, and "end-toend" repair of the remaining xp-DNA to the C gene; (ii) translocation to the C gene only of the xp-DNA portion of the V gene.
the extra piece is: Met-X-Thr-Asp-Thr-Leu-Leu-Leu-Trp ValLeu-Leu-Leu-Trp-Val-Pro-X-(X is unknown). Met1 was shown to be the initiator methionine. The sequence of the C, extra piece is completely different from any known sequence preceding residue Ma'° § in whole light (L) chains, thus establishing that the CK-region mRNA could not have originated from mRNA coding for the whole L chain. The structural features of the C. extra piece (marked hydrophobicity, size, and a methionine at the NHrterminus) are identical to those characteristic of the NHrterminal extra piece linked to the variable (V) region of whole L-chain precursors. In addition, the C, extra iece and the extra piece linked to the V region of MOPC-321 L chain have 70% sequence homology. These findings can be explained by the two genes-one Ig chain hypothesis, if we assume that the DNA coding for the extra piece (xp-DNA) is a constitutive part of the V gene. According to this model, the C,-region mRNA could have originated from: (i) translocation of this V gene to the C gene, deletion of the entire mature V gene, and "end-toend" repair of the remaining xp-DNA to the C gene; (ii) translocation to the C gene only of the xp-DNA portion of the V gene.
Alternatively, we may assume that the xpWDNA is not covalently linked to the mature V gene at all times, as might be the case for the DNA of hypervariable regions presumed to be in episomes. This raises the intriguing speculation that the xp-DNA represents a third distinct gene, designated xp-gene. The presumed xp-gene may be involved in the regulation of gene transcription: when linked to the mature V gene it initiates a chain of events leading to whole L-chain mRNA formation; when at-, tached to the C gene it leads to its transcription to provide the C-region mRNA. Abundant evidence suggests that distinct genes code for the variable (V, NH2-terminal) and constant (C, COOH-terminal) parts of the immunoglobulin (Ig) chain, and it has been repeatedly proposed that these genes are joined to provide a singI6 mRNA for the entire polypeptide chain (1-3). However, it was suggested that in some mouse myelomas V-or C-region protein fragments may be synthesized per se (reviewed in refs. 4 and 5) . It has been reported that three clones derived from MPG-il myeloma synthesize a C-region fragment of K light (L) chain of molecular weight (Mr) 11,600 (5). It was suggested that these clones contain mRNA that directs the cell-free synthesis of a protein somewhat larger than the C, region; this protein was tentatively identified as a precursor to the C, region (6) . These studies, however, did not determine the structure and position
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(NH2-or COOH-terminal) of the extra peptide in the presumed C, precursor, nor did they provide evidence whether or not a single gene codes for both the fragment and the whole L chain (5, 6) . To resolve this problem requires analysis of the 5' end of the mRNA, or sequence analysis of the immediate product of mRNA translation to determine if its NH2-terminus is similar to the V-region sequence preceding the C region. We here report purification of the C,,-region mRNA from two MPC-1 1 clones, demonstrate that this mRNA programs the synthesis of a precursor to the C,-region, and determine the partial amino acid sequence of this precursor.
MATERIALS AND METHODS
Myeloma Tumors. Two clones derived from the MPC-1 cultured mouse myeloma (7), kindly donated by R. Laskov (Hebrew University, Jerusalem), were maintained as solid tumors in BALB/c mice (8) . Clone 66.2, designated MPC-11(L), has lost the ability to synthesize intact heavy (H) chain but continues to synthesize and secrete the MPC-11 K L chain; clone NP-2, designated MPC-11(NP), has lost the ability to synthesize both intact H and L chains (5, 9) .
Cell-Free Synthesis and Analysis of Precursors. Translation of the mRNAs was carried out in the wheat germ cell-free system (10) at 250 for 4 hr (11). Cell-free products that were labeled by one radioactive amino acid at a time were analyzed in the Beckman model 890C automatic sequencer as detailed elsewhere (12 [35SJMet-tRNAMet. The [3aS]Met-tRNAMet species that transfer Met to the NH2-terminal (initiator Met-tRNAMet) and internal (internal Met-tRNAMet) positions in proteins were prepared from wheat germ according to a published procedure (13) with some minor modifications.
RESULTS AND DISCUSSION
mRNA Preparations. The mRNAs were prepared from polysomes specifically precipitated with antibodies to the L chain (14, 15 Maizel (17) , using the discontinuous Tris-glycine system, 13% acrylamide, 13 V/cm, 2 hr.
antibodies specific mainly against the C, region that were isolated from the anti-MOPC-321 L-chain antibodies (15) . The antibodies specifically precipitated 4.4% and 1.2% of the total polysome populations of MPC-11(L) and MPC-11(NP), respectively. RNAs extracted from the immunoprecipitated polysomes were chromatographed on oligo(dT)-cellulose to yield active mRNAs (15) .
Sequence Analysis of the Cell-Free Products Programmed by the MPC-11(L) mRNA. Gel electrophoresis of the total cell-free products shows that this mRNA programmed the synthesis mainly of three proteins with Mrs of about 25,000, 18,000, and 15,000 (Fig. 1B) . Discrete radioactive peaks were obtained from sequencer runs of the total cell-free products labeled with [3H]Leu, [3HJVal, and [3H]Pro (Fig. 2 ). To determine which protein yielded these peaks, the total cell-free products were subjected to preparative gel electrophoresis (19) , and the proteins with electrophoretic mobilities corresponding to Mrs of about 25,000, 18,000, and 15,000 were eluted. The patterns of radioactivity obtained from sequencer runs of the 15,000 Mr protein were identical with those obtained from the total cell-free products. The fact that the radioactive peaks from the total cell-free products (not shown) and from the 15,000 Mr protein (insets in Fig. 2 ) fall on straight lines in the semi-logarithmic plots strongly indicates that the residues scored originate from one protein species (12, 18) . When comparable amounts of radioactivity (cpm) of the 18,000 and 25,000 Mr proteins were sequenced, high and discrete radioactive peaks were not detected (Fig. 2) . Thus, the results of sequence analyses of the total cell-free products faithfully represent the unique sequence of the 15,000 Mr protein, which is superimposed (but not perturbed) on a high background of radioactivity derived from the 18,000 and 25,000 Mr proteins (see Fig. 2 ). Accordingly, in subsequent experiments the total cell-free products were analyzed. The discrete radioactive peaks derived from sequencer runs of products labeled with radioactive Leu, Val, Pro ( shows that after 17 degradation cycles of the cell-free product, all 13 residues identified (from Ala'8 to Val42) show perfect homology with the corresponding residues starting from Ala,19 of the mature C, region (numbering of residues in the mature K L chain is according to ref. 22 ). The probability that the matching sequence, Ala-Asp-Ala-Ala-Pro-Thr-Val-X-X-PhePro-Pro-X-X-X-X-Leu-X-X-X-X-X-X-Val-Val, occurs by chance is practically zero (if X denotes amino acid residues other than those indicated and the probability of each amino acid is 0.05 as it would be if all amino acids occur randomly, then the probability that the above sequence occurs by chance is 2.5 X 10-24). This result establishes that the MPC-ll(L) Fig. 4 .
To ascertain that the C, precursor is the immediate product of mRNA translation (i.e., to rule out the possibility that Metl was preceded by a peptide that was rapidly cleaved) we demonstrated that Metl is the initiator residue. Experiments summarized in Fig. 3 In addition to the CK-region mRNA, the mRNA preparation contains mRNAs coding for the proteins with Mrs of 18,000 and 25,000 which have not yet been characterized. To gain information on the O,-region mRNA, the MPC-11(L) mRNA was disaggregated with dimethyl sulfoxide and sedimented over a sucrose gradient, and RNA fractions of about 20 S, 13 S, 9 S, 6 S, and 4 S were collected (16) . The gradient fractions were translated and the cell-free products were analyzed by gel electrophoresis. Although the mRNAs coding for the three proteins are poorly resolved, there is a correlation between the size of the mRNAs and the proteins they program (Fig. 1 C-G) .
Because the 9S mRNA fraction directs the synthesis of the C,-region precursor (Mr 15,000) but not the 25,000 Mr protein (size of an L chain) which is programmed by the 13S mRNA fraction, it seems that the O,-region mRNA is smaller than the mRNA for whole L chain (6). yield a discrete sequence for positive identification (see Fig. 2 ).
Other procedures have to be applied to identify the 25,000 Mr protein.
Sequence Analyses of the Cell-Free Products Programmed by the MPG-i 1(NP) mRNA. The major translation product of this mRNA is a protein with Mr of about 15, 000 (Fig. 11) . The total cell-free products programmed by the MPC-ii(NP) mRNA were labeled with radioactive Leu, Val, Pro, Met, Asp, Thr, Trp, Ala, and Arg, and were subjected to sequence analyses. In every case, the patterns of radioactive peaks obtained (data not shown) were identical to those recovered from the sequencer runs of the MPC-ii(L) mRNA cell-free products labeled with the same radioactive amino acid. Here again, residues in the cell-free product from Ala'8 show perfect homology with the corresponding residues starting from Ala'°9 in the mature C.-region (Fig. 4) . These findings establish that the MPCG-l(NP) mRNA directs the synthess of a precursor (Mr 15,000) to the CK region in which an extra peptide segment, 17 residues long, is linked to residue Ala1°9 of the CK region. The partial sequence of the NH2-terminal extra piece of the CKprecursor is identical to that present in the CK-precursor programmed by the MPC-ll(L) mRNA.
Concluding Remarks. Two MPC-lI clones were found to contain an mRNA species that directs the cell-free synthesis of a CK precursor with Mr of about 15,000. In this precursor an extra piece, 17 residues long, precedes residue Ala'°9 of the mature G, region; subsequent residues identified in the precursor show perfect sequence homology, with the CK region (Alal8-Val42 in the precursor matches with Alal09-Vall33 in the mature L chain, Fig. 4 ). On the other hand, regions preceding the above homology region are quite different; i.e., the extra piece segment in the CK precursor (Met'-X'7) bears no resemblance to any known sequence preceding residue Ala'09 in whole L chains (21) , one of which (Asx92-Arg'08) is given in Fig.  4 . The segment Asx92-Arg'08 comprises a portion of the V region; nonetheless sequence data of several L chains show that residues 98-108 are fairly conserved in mouse K L chains (5, 21) . The sequence data and the identification of Met' as the initiator residue (Fig. 3) The NH2-terminal extra piece of the CK precursor is highly enriched with hydrophobic residues (82%, 14/17), and it is 17 residues long and contains NH2-terminal methionine (Fig. 4) . These structural features characterize the NH2-terminal extra pieces that are linked to the V regions of whole L-chain precursors, i.e., they are markedly hydrophobic (69-75% hydrophobic residues), are of comparable size (19-22 residues long), and all contain NH2-terminal methionine (24) . In addition, the CK extra piece and the extra piece linked to the V region in the MOPC-321 L chain precursor (20) show at least 70% homology (Fig. 4) . These structural similarities suggest translocation of the DNA segment coding for the extra piece from the V gene to the C gene.
The data reported here can be formally explained by the two genes-one Ig chain hypothesis (25) , assuming that the extra piece DNA (xp-DNA) is a constitutive part of the V gene, i.e., the V gene may be larger than hitherto realized (11, 24) . We favor this model because the pattern of variability in the extra piece is closely related to the V-region subgroups (11, 24) . The CK-region mRNA could then have originated from translocation of the extended V gene (that contains the xp-DNA) to the C gene, deletion of the entire segment of the mature V gene [none of the known MPC-lI V-region peptides (23) are retained in the Ca,-region precursor], and "end-to-end" repair of the remaining xp-DNA to the C gene. A related process is believed to occur in H-chain disease, except that short segments of the mature V region are usually retained and are joined to the C region of the defective H chain (26) . Another possibility is that only the xp-DNA portion of the extended V gene was translocated to the C gene, and that this event is sufficient to permit transcription of the C gene. This proposal contrasts with the view that transcription is made possible only after joining the V gene with the C gene (2) .
The similarity of variability pattern in the extra piece and the V region does not necessarily mean that in the genome the xp-DNA is covalently linked to the mature V gene at all times.
Originally, the xp-DNA may be separated from the mature V gene, a possibility similar to the proposal on the storage of information for hypervariable regions in episomes (27) . This raised the intriguing speculation that three genes may control the synthesis of one Ig chain; i.e., in addition to the mature V and C genes, the xp-DNA represents a third distinct gene designated xp gene. The presumed xp gene may be involved in the regulation of gene transcription: when linked to the mature V gene it initiates a chain of events leading to whole L-chain mRNA formation; when attached to the C gene it leads to its transcription to provide the C-region mRNA.
The structure of the extra piece linked to the V region in the MPC-11 L-chain precursor is not yet known; it may be identical to or different from the extra piece of the CK-region precursor. Regardless of the structure that will be eventually found for this V-region extra piece, the result will not invalidate the proposed models for generating the C.,-region mRNA. The findings, however will enable investigators to focus on additional problems. For example, if the extra pieces linked to the V and C regions of the L chains are different, then the concept of one plasmacytoma cell-one V gene expression, and the question whether a homogeneous cell population comprises the MPC-11(L) clone, will require reexamination.
In the present report it is shown that Met' of the C, precursor is the initiator methionine (Fig. 3) . This finding strongly supports early suggestions that the NH2-terminal methionine found at the extra piece of each L-chain precursor investigated (three K and one X L-chain precursors, ref. 24 ) is the initiator residue (12) . Consequently, translation of the mRNAs coding for the CK region and for whole L chains should be contingent on the integrity of the nucleotide sequence coding for the NH2-terminal extra piece. In agreement, it was found that L-chain mRNA molecules that are deficient at the 5' end are untranslatable in a cell-free system (16) .
We found that 1.2% of the total polysome population of the MPC-11(NP) clone bears nascent chains of the CK region, in agreement with the finding that the CK-region fragment comProc. Natl. Acad. Sci. USA 74 (1977) prises about 1% of the proteins newly synthesized by intfd X (5). In this connection, it is worthwhile to mention that the immune precipitation procedure (15) proved useful for preparing reasonably pure mRNA (see Fig. 1I ) that comprised only 1% of the total mRNA population.
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